s 

Win 


SUMMARY  AND  CONCLUSION 

WASTE  LOAD  ALLOCATION  INVESTIGATION  OF  THE  YELLOWSTONE  RIVER 
IN  THE  VICINITY  OF  BILLINGS,  MONTANA 


STATE  DOCUMENTS  COLLECTION 

Prepared  By  OCT  2 0 ‘-i;J 

R.  W.  Karp  and  Duane  A.  Klarich  MONTANA  STAiE 

930  E Lynthle  Avo. 

Water  Quality  Bureau  Helena,  Montana  5960.. 

Environmental  Sciences  Division 
Department  of  Health  and  Environmental  Sciences 


MONTANA  STATE  LIBRARY 

S 628. 1 68  W3w  c.  1 Karp 
Summary  and  conclusion,  waste  load  alloc 


3 0864  00028751  9 


9 


SUMMARY  AND  CONCLUSIONS 


The  development  in  the  1950's  of  taste  and  odor  problems  in  municipal 
water  supplies  from  the  Yellowstone  River  and  subsequent  chemical  and  bio- 
logical surveys  of  the  stream  indicated  that  the  Yellowstone  was  being 
severely  polluted  at  that  time.  An  aggressive  program  of  pollution  abate- 
ment was  recommended  for  the  river  in  order  to  return  the  quality  of  its 
waters  to  levels  required  for  the  various  beneficial  uses  of  the  stream. 

Since  these  early  surveys,  wastewater  treatment  facilities  have  improved 
concomitant  with  an  improved  quality  of  water  in  the  river. 

By  the  mid-1970's,  the  Yellowstone  River  had  greatly  improved  and  was 
meeting  or  close  to  meeting  state  water  quality  standards.  In  1975,  a 
waste  load  allocation  investigation  was  initiated  for  the  segment  of  the 
river  between  Laurel  and  Huntley,  Montana  to  determine  (1)  the  extent  of 
water  quality  improvement  in  the  river,  (2)  the  current  water  quality  status 
of  the  stream,  (3)  water  quality  parameters  in  violation  of  standards, 

(4)  changes  in  water  quality  due  to  wastewater  discharges  from  point  sources, 

(5)  pollutive  effects  from  non-point  sources,  and  (6)  the  allocation  of 
wastes  from  point  sources  in  order  that  the  Montana  Water  Quality  Standards 
for  applicable  parameters  might  be  met  in  the  near  future.  The  Laurel  to 
Huntley  segment  of  the  Yellowstone  River  receives  a number  of  wastewater 
effluents  from,  the  surrounding  area,  including  oil  refineries,  sewage  and 
water  treatment  plants,  and  a sugar  beet  factory,  plus  pollutive  inputs 
from  non-point  sources,  including  polluted  ground  water,  "vagrant"  sanitary 
sewers,  and  tributaries  and  storm  drains.  This  reach  was  found  to  be  severely 
impacted  from  these  sources  in  past  years. 


Page  2 


This  study  involved  a fairly  extensive,  chemical  sampling  program  of 
the  river  and  the  tributary  inputs  and  various  discharges  to  the  stream  be- 
tween Laurel  and  Huntley  along  with  an  assessment  of  the  water  quality  in- 
formation currently  available  for  the  system.  In  addition,  biological  sur- 
veys were  incorporated  into  the  study  in  order  to  assess  the  current  health 
of  the  river  and  the  magnitude  of  effect  from  the  various  pollutive  sources 
upon  the  river's  biota.  An  attempt  was  also  made  to  delineate  the  current 
eutrophic  status  of  the  river.  The  degree  of  improvement  to  the  stream  as 
a result  of  recent  pollution  abatement  efforts  was  assessed  by  comparing, 
where  possible,  the  biological  data  from  this  study  to  that  gathered  in 
previous  years.  Both  aquatic  invertebrate  and  periphyton  surveys  were  com- 
pleted on  the  stream,  and  the  magnitude  of  primary  production  was  estimated 
through  the  rate  of  chlorophyll  accrual  on  artificial  substrates  placed  at 
various  strategic  points  along  the  river.  Recent  fisheries  information 
from  the  Montana  Department  of  Fish  and  Game  for  the  Laurel  to  Huntley  seg- 
ment of  the  Yellowstone  was  also  assessed  as  a part  of  the  biological  survey 
portion  of  this  waste  load  allocation  investigation. 

The  biological  surveys  indicated  that  the  Yellowstone  River  is  in  a fairly 
good  condition  at  the  present  time.  Although  effects  of  particular  discharges 
such  as  Yegen  Drain  and  the  Corette  electrical  generating  plant  (Montana 
Power  Company)  became  evident  in  the  stream's  periphyton  community  structure 
in  proximity  to  the  outfalls,  these  effects  were  relatively  small,  and  the 
river  appeared  to  recover  from  the  inputs  in  a short  distance  downstream. 

The  gradual  change  in  the  periphyton  community  that  was  observed  at  Laurel  to 
Huntley  is  most  readily  described  as  a natural  downstram  change  related  to 
the  successional  continuums  which  characterize  most  flowing  waters.  Distinc- 
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tive  pollutive  impacts  from  upstream  sources  are  not  evident  in  the  peri- 
phyton at  Huntley,  and  the  river  at  this  point  appears  to  be  fully  recovered 
from  any  perturbations  arising  from  the  Billings  area.  As  a result,  pollu- 
tive  influences  upon  the  periphyton  in  the  river  appear  to  be  relatively 
mild.  Periphyton  diversity  and  equitability  were  quite  high,  and  no  indi- 
cator species  characteristic  of  polluted  waters  were  dominant  factors  in 
the  stream's  benthos;  pollution  sensitive  species  formed  the  major  element 
of  the  river's  micro-flora. 

Sediment  appears  to  be  one  of  the  problems  in  the  river.  This  is  evi- 
dent in  the  invertebrate  populations  through  an  absence  of  mayfly  individuals 
at  locations  directly  affected  by  sediment  inputs.  These  insects  have  ex- 
posed gills  and  are  quite  sensitive  to  high  sediment  concentrations.  However, 
the  general  abundance  of  mayflies  through  most  sections  of  the  stream  indi- 
cates that  sediment  may  be  a localized,  but  not  riverwide  problem. 

In  keeping  with  the  results  of  the  biological  surveys,  the  overall  quality 
of  water  in  the  Yellowstone  River  between  Laurel  and  Huntley  appears  to  be 
relatively  good.  Although  a downstream  change  and  general  degradation  in 
its  quality  is  evident,  for  example,  an  increase  in  salinity  and  turbidity- 
suspended  sediment  levels,  such  changes  are  characteristic  of  the  entire 
length  of  river  in  Montana.  A few  of  the  specific  water  quality  parameters 
(e.g.,  temperature,  phenolics,  coliform,  suspended  solids,  oil  and  grease, 
and  ammonia)  could  pose  potential  or  actual  problems  to  water  use. 

Total  recoverable  concentrations  of  iron,  manganese,  and  possibly  arsenic 
were  found  to  be  occasionally  high  in  samples  from  the  Yellowstone,  but  these 
metals  and  the  metals  in  general  would  not  be  expected  to  pose  water  quality 
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problems.  The  dissolved  levels  of  metals  were  generally  low  at  the  pH  range 
of  the  stream  (typically  between  7.5  and  8.5),  and  these  were  typically  well 
below  the  recommended  concentrational  limits  for  various  water  uses.  Although 
organic  inputs  to  the  river  apparently  influenced  the  aquatic  invertebrate 
populations  of  the  benthos,  these  effects  appear  to  be  more  direct  in  nature 
rather  than  the  result  of  high  organic  loading  and  BOD  which  would  reduce  dis- 
solved oxygen  concentrations  to  critical  levels.  Dissolved  oxygen  was  typically 
near  saturation,  and  BOD  concentrations  were  generally  quite  low.  Although 
dissolved  solids  increased  in  the  river  due  to  tributary  inputs  of  saline  water, 
neither  salinity  nor  the  concentration  of  common  constituents  would  preclude 
water  use.  Waters  in  the  Yellowstone  at  Huntley  were  found  to  be  nonsaline, 
even  at  low  flows,  but  they  were  found  to  be  moderately  to  very  hard  during 
this  hydrological  period,  and  this  factor  could  reduce  their  value  as  a muni- 
cipal and  industrial  supply. 

Suspended  solids  appear  to  be  the  main  detractive  factor  from  the  quality 
of  water  in  the  river.  This  is  most  pronounced  at  high  flow  periods,  at  which 
time  the  river  would  otherwise  have  its  best  quality  from  a chemical  point  of 
view.  Sediments  in  the  Yellowstone  are  derived  primarily  from  tributary  streams 
such  as  the  Clarks  Fork  River  and  Pryor  Creek  and  from  upstream  sources  above 
Laurel.  The  ultimate  derivation  of  most  of  the  sediment  in  the  river  appears 
to  be  from  non-point  sources,  either  from  poor  land-use  practices  or  from 
natural  factors  such  as  bank  erosion  and  surface  runoff  from  readily  erodable 
terrain. 

In  addition  to  sediment,  other  parameters  also  tend  to  degrade  the  quality 
of  water  in  the  Yellowstone  River  to  varying  degrees;  this  would  include,  most 
obviously,  the  coliforms,  phenolic  compounds,  oil  and  grease,  ammonia,  and 
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temperature.  Critical  parameters  of  this  nature  are  typically  listed  on 
MPDES  discharge  permits,  where  applicable,  for  required  self-  and  compliance 
monitoring  of  point  source  effluents.  However,  the  high  concentrations  of 
some  of  these  parameters,  like  sediment,  can  be  also  derived  in  part,  or  in 
whole,  from  non-point  sources. 

Allocable  water  quality  parameters  were  defined  as  those  constituents, 
derived  primarily  from  point  source  discharges,  that  are  present  in  water 
samples  from  the  Yellowstone  River  in  sufficient  concentrations  so  as  to 
violate  Montana's  Water  Quality  Standards,  or  they  have  or  potentially  have 
an  adequate  magnitude  of  increase  between  Laurel  and  Huntley  so  as  to  violate 
these  Standards.  Three  parameters  were  judged  to  be  allocable  on  the  basis 
of  this  definition — temperature,  phenol ics,  and  fecal  coliforms.  Many  of 
the  water  quality  parameters  monitored  during  the  study  were  found  to  be  non- 
allocable  simply  because  they  did  not  violate  State  standards  and  did  not 
exhibit  adequate  magnitudes  of  concentration  change  through  a reach.  This 
would  include  dissolved  oxygen,  BOD,  pH,  the  common  ions,  fluoride,  the 
metals,  and  possibly  oil  and  grease,  which  was  only  occasionally  observed  in 
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high  concentrations.  Detectable  levels  of  oil  and  grease  were  probably  de- 
rived primarily  from  non-point  sources  such  as  ground  water  and  storm  drains. 

Due  to  inputs  of  sediment,  downstream  increases  in  turbidity  between 
Laurel  and  Huntley  are  probably  in  excess  of  the  five  to  ten  JTU  criteria  for 
B-D-j , B-D^,  B-D^  streams  during  certain  parts  of  the  year.  However,  the 
derivation  of  this  variable,  primarily  from  non-point  sources,  voids  its 
effective  allocation  regardless  of  the  increased  sediment  evident  in  the  river 
at  Huntley.  TS1N  and  total -P  concentrations  also  increase  downstream  below 
Laurel  with  the  resultant  enhancement  of  primary  production;  but  these  parameters 


Page  6 


are  also  non-al locable  since  standards  have  not  yet  been  established  by  the 
State  of  Montana  for  these  critical  nutrients.  In  addition,  the  downstream 
increase  in  critical  nutrients  apparently  does  not  produce  a change  in  the 
eutrophic  status  of  the  stream.  A part  of  the  TS1N  increase  below  Billings 
was  due  to  non-point  sources,  but  a part  was  also  due  to  a distinct  ammonia 
enrichment  of  the  stream  from  Yegen  Drain  and  from  certain  point  source  dis- 
charges. However,  ammonia  is  non-allocable  as  a nutrient,  and  it  was  not 
found  in  concentrations  generally  considered  as  toxic  to  aquatic  organisms 
at  the  pH  levels  of  the  river. 

The  Yellowstone  River  apparently  has  a natural  increase  in  temperature 
between  Laurel  and  Huntley  which  is  enhanced  to  some  extent  by  several  thermal 
discharges  to  the  stream.  A rather  large  scale,  extensive  and  expensive 
temperature  model,  beyond  the  scope  of  this  study,  would  be  necessary  to 
finely  quantify  and  separate  these  two  effects.  However,  due  to  this  thermal 
loading  and  its  potential  effect  on  the  river,  a thermal  allocation  was  dis- 
cussed based  on  a simplified  heat  balance  model  assuming  uniform,  turbulent 
mixing  and  no  heat  loss  to  the  atmosphere.  Calculations  from  this  model  indi- 
cated that  violations  of  the  State's  temperature  standard  would  be  obtained 
at  current  thermal  loading  under  extreme  conditions,  i.e.,  low  flows  approach- 
ing the  7-day,  10-year  low  flow  at  low  temperatures  (e.g.,  32°F-0°C,  ice-free, 
winter  conditions)  and  at  high  temperatures  (e.g.,  80°F-27°C,  summer  conditions). 
Under  more  typical  conditions,  however,  the  probability  of  a temperature  vio- 
lation for  the  Yellowstone  as  a B-D^  stream  would  be  relatively  low. 

Given  the  possibility  of  temperature  violations  at  extreme  conditions,  and 
in  order  to  preserve  the  integrity  of  the  stream,  no  further  increase  in  thermal 
loading  to  the  Yellowstone  River  between  Laurel  and  Huntley  will  be  allowed 
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until  the  development  of  a large  scale  temperature  model  adequately  sensitive 
to  quantify  the  resultant  effects  of  thermal  loading  from  present  facilities, 
expansions,  or  additions.  This  model  should  be  able  to  quantify  temperature 
effects  at  ail  flow  and  seasonal  conditions,  and  thermal  loading  should  thereby 
be  appropriately  adjusted  to  avoid  violations  of  standards  at  the  various 
seasonal  and  flow  regimes  of  the  river.  In  addition,  a mixing  zone  for 
thermal  discharges  is  viewed  as  desirable  for  heat  dissipation  but  is  viewed 
as  dimensionless  and  non-quantifiabl e due  to  the  changing  morphometry  of  the 
river.  However,  this  mixing  zone,  either  alone  or  in  combination  with  other 
zones,  should  not  extend  completely  across  the  river  and  should  leave  adequate 
room  for  the  passage  of  aquatic  organisms  around  the  heated  plume  without 
temperature  stress. 

The  Montana  Department  of  Fish  and  Game  has  designated  the  Laurel  to 
Huntley  reach  of  the  Yellowstone  River  as  part  of  a transition  zone  or  eco- 
tone  between  a cold  water  fishery  upstream  near  Livingston  and  a warm  water 
fishery  downstream  below  the  confluence  of  the  Bighorn  River.  Fisheries  data 
from  this  reach  is  in  accord  with  this  designation  wherein  the  proportion 
of  cold  water  species  decrease  below  Laurel  concomitant  with  an  increase  in 
the  Yellowstone  below  Laurel  as  noted  previously. 

The  fishery  in  the  Billings  area  appears  to  be  relatively  poor  with  less 
than  15%  of  the  fish  netted  in  two  surveys  representative  of  "classical" 
game  fish.  Goldeye  is  the  dominant  species,  and  if  this  fish  is  accepted  as 
a game  fish,  then  the  fishery  in  the  reach  can  be  viewed  as  much  better  than 
that  suggested  above.  These  various  aspects  of  the  fishery  might  be  taken 
to  represent  the  natural  characteristics  and  consequences  of  a transition  zone; 
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but  evidence  also  suggests  that  pollutive  inputs  of  various  kinds  from  the 
Billings  area  have  a definite  effect  "on  top  of"  the  ecotonal  changes--a 
marked  decline  in  the  proportions  of  game  fish  plus  goldeye  and  an  increase 
in  the  trash  fish  were  evident  below  Billings  in  the  surveys  with  a subse- 
quent recovery  downstream  below  Huntley.  Temperature  is  most  typically  im- 
plicated as  the  causal  factor  perpetrating  such  transition  zones,  however, 
inputs  of  sediment  could  also  act  in  consort  with  temperature  to  enhance 
these  changes  in  the  fishery  since  trout  are  sensitive  to  high  concentrations 
of  this  variable. 

Future  pollution  abatement  efforts  directed  at  both  point  and  non-point 
sources  should  improve  the  quality  of  the  fishery  between  Laurel  and  Huntley. 
However,  given  its  ecotonal  nature  in  this  reach,  the  degree  of  possible 
improvement  after  added  abatement  is  unknown.  Additional  effort  should  be 
directed  towards  defining  and  quantifying  the  "whys  and  wherefores"  of  the 
fishery  in  this  segment  of  the  Yellowstone  River  in  order  to  more  accurately 
judge  the  effects  and  importance  of  temperature  changes  and  sediment  inputs 
on  the  various  fish  populations  in  this  reach. 

Along  with  temperature,  phenol  was  found  to  be  an  allocable  parameter 
since  its  concentrations  in  samples  from  the  river  were  typically  above  re- 
commended limits.  For  example,  at  least  63%  of  the  samples  from  the  stream 
between  Laurel  and  Huntley  had  concentrations  in  excess  of  one  microgram  per 
liter.  Apparently  the  river  has  a high  background  level  of  phenol ics  from 
upstream  and  non-point  sources  since  samples  collected  above  Billings  and 
above  most  of  the  point  source  discharges  also  had  phenol  concentrations  com- 
monly in  excess  of  this  value.  In  addition  to  point  source  inputs  of  phenols 
to  the  river  (e.g.,  oil  refineries  and  the  wastewater  treatment  plants),  non- 
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point  inputs  in  the  Laurel -Bi 1 1 ings  area  also  tend  to  enhance  this  background 
problem.  Given  these  high  background  levels,  loading  calculations  at  low 
flows  suggest  that  point  source  discharges  should  be  limited  to  an  aggregate 
phenol  load  of  less  than  8 pounds  per  day  in  order  to  avoid  an  excessive 
aggravation  of  the  phenol  problem  currently  evident  in  the  river.  MPDES 
permits  presently  allow  an  aggregate  loading  of  about  13  pounds  per  day 
which  indicates  that  requisite  adjustments  will  have  to  be  made  on  these 
permits  in  the  future.  Actual  phenol  loading  from  these  permitted  sources, 
however,  is  estimated  to  be  nearer  the  upper,  specified  value  of  8 pounds 
per  day. 

Fecal  coliforms  were  found  to  be  an  obviously  allocable  parameter  since 
95%  of  the  fecal  concentrations  in  the  Yellowstone  River  at  Huntley  were  attri- 
butable to  point  source  discharges--the  Laurel  and  Billings  wastewater  treat- 
ment plants  and  the  G.W.  Sugar  Company  and  Sixth  Avenue  sanitary  sewer  via 
Yegen  Drain.  A marked,  downstream  increase  in  fecals  is  evident  in  the  river 
below  Laurel,  and  the  geometric  mean  concentration  at  Huntley  is  in  violation 
of  Montana's  Water  Quality  Standards  (}400  colonies  per  100  ml).  The  river  is 
not  in  violation  at  Laurel,  and  non-point  source  inputs  alone  would  be  of  in- 
sufficient magnitude  to  result  in  an  exceedance  of  standards  at  Huntley. 

Loading  calculations  indicate  that  the  point  sources  would  have  to  reduce 
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their  aggregate  fecal  load  by  about  20%  to  1.70  x 10  colonies  per  day  in  order 
for  the  river  at  Huntley  to  be  in  compliance  with  State  criteria.  However,  due 
to  recent  pollution  abatement  efforts  and  upgrading  of  wastewater  treatment 
facil ities--secondary  wastewater  treatment  plant  and  chlorination  facilities 
on  line  at  Billings,  the  tie-in  of  the  "vagrant"  Sixth  Avenue  sanitary  sewer 
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to  the  Billings  sewerage  system,  and  the  elimination  of  G.W.  Sugar  Company's 
wash  water  effluent  to  Yegen  Drain,  point  source  discharges  to  the  Yellowstone 
might  now  be  in  accord  with  this  loading  figure  with  the  river  now  meeting 
State  standards.  If  this  is  not  the  case,  appropriate  reductions  in  the  load- 
ing of  col i forms  to  the  river  will  have  to  be  made  to  bring  the  river  near 
Huntley  in  compliance  with  Montana's  requirements. 
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